**Core tip:** Drug induced hepatic steatosis is a rare form of liver injury. Although hepatic steatosis has been observed in some patients with pancreatic cancer who were administered S-1, the ability of 5-fluorouracil alone to induce hepatic steatosis has not been evaluated systematically. The purpose of our study was to determine whether S-1 induces hepatic steatosis in patients being treated for pancreatic cancer. After analyzing a total of 22 patients, we found that S-1 chemotherapy induced hepatic steatosis in some patients with pancreatic cancer within three months and the correlation between the development of hepatic steatosis and liver function was weak in these patients.

INTRODUCTION
============

S-1 is an oral antitumor drug that combines tegafur, a prodrug of 5-fluorouracil (5-FU), with 5-chloro-2,4-dihydroxypyridine and potassium oxonate\[[@B1]\]. Following S-1 administration, fluorouracil concentrations in blood remain high for long periods of time\[[@B1]\]. Several phase III trials have shown the efficacy and safety of S-1 in cancer patients\[[@B2]-[@B5]\], and S-1 has been approved in Japan for the treatment of various cancers, including gastric, head and neck, colorectal, lung, breast, pancreatic, and biliary tract cancers.

Nonalcoholic fatty liver disease is the most common form of chronic liver disease in Western countries, and its incidence is increasing, partly owing to the increasing prevalence of diabetes and obesity\[[@B6]\]. In Japan also, nonalcoholic fatty liver diseases has become one of the most frequent types of liver disease\[[@B7]\].

In contrast to nonalcoholic fatty liver diseases, drug induced hepatic steatosis is a rare form of liver injury. Drugs found to induce hepatic steatosis include amiodarone, tamoxifen, irinotecan, and valproic acid, with their toxicities due to their effects on hepatocyte mitochondria\[[@B8],[@B9]\]. 5-FU, when combined with interferon (IFN) and folinic acid, has also been reported to induce hepatic steatosis\[[@B10],[@B11]\], but the ability of 5-FU alone to induce hepatic steatosis has not been evaluated systematically.

Although hepatic steatosis has been observed in some patients with pancreatic cancer who were administered S-1 (Figure [1](#F1){ref-type="fig"}), it is not clear whether S-1 was responsible for drug induced hepatic steatosis in these patients. This study therefore evaluated whether S-1 induced hepatic steatosis in patients with pancreatic cancer.

![Abdominal computed tomography scans of a pancreatic cancer patient before (A) and during treatment (B) with S-1, showing that the liver/spleen ratio decreased after start of treatment.](WJGO-9-314-g001){#F1}

MATERIALS AND METHODS
=====================

Study populations
-----------------

This retrospective study analyzed patients with pancreatic cancer who underwent chemotherapy for pancreatic cancer at Ishikawa Prefectural Central Hospital between January 2008 and July 2015. Of the 107 pancreatic cancer patients who received chemotherapy during the study period, 37 received oral S-1 as first-line treatment. Patients were included if they: (1) were aged \> 20 years; (2) had an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0-2; (3) underwent regular computed tomography (CT) examinations; and (4) had no other cancer or serious complications, such as active infectious disease or serious heart disease. Twenty-two patients were deemed eligible. This study was performed in accordance with the principles of the Declaration of Helsinki and was approved by the Institutional Review Board of Ishikawa Prefectural Central Hospital.

CT
--

All patients underwent abdominal CT scans before the start of chemotherapy and within three months from the start of treatment. CT numbers of the liver and spleen were evaluated before and after administration of S-1. Steatosis was diagnosed when the ratio of the CT number of the liver to that of the spleen (liver/spleen ratio) was \< 0.9\[[@B12]\]. Blood was collected and blood tests performed at the time of each CT examination.

Statistical analysis
--------------------

Continuous variables were reported as median (range) and analyzed using non-parametric Mann-Whitney *U* tests. Categorical variables were reported as number (percentage) and analyzed using Fisher's exact tests or Wilcoxon signed rank tests. A *P*-value \< 0.05 was considered statistically significant. All statistical analyses were performed with EZR software (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Australia). More precisely, EZR is a modified version of R commander designed to add statistical functions frequently used in biostatistics\[[@B13]\].

RESULTS
=======

The clinical characteristics of the 22 included patients are shown in Table [1](#T1){ref-type="table"}. Their median age was 68 years (range, 48-85 years), and their median body mass index was 21 kg/m^2^ (range, 18-27 kg/m^2^). Of the 22 patients, six (27%) regularly consumed alcohol, and five (23%) had liver metastases.

###### 

Demographic and clinical characteristics of patients with pancreatic cancer receiving S-1 treatment

                                                             **Number of patients (*n* = 22)**
  ---------------------------------------------------------- -----------------------------------
  Age (yr), median (range)                                   68 (48-85)
  Sex                                                        
  Male                                                       9
  Female                                                     13
  Body mass index (kg/m^2^) median (range)                   21 (18-27)
  ECOG PS                                                    
  0                                                          15
  1                                                          5
  2                                                          2
  Drinking habit                                             
  Yes                                                        6
  No                                                         16
  Diabetes mellitus                                          
  Yes                                                        6
  No                                                         16
  Disease status                                             
  Locally advanced                                           14
  Metastatic                                                 8
  Liver metastasis                                           
  Yes                                                        5
  No                                                         17
  Biliary drainage                                           
  Yes                                                        7
  No                                                         15
  Combination with radiotherapy                              
  Yes                                                        12
  No                                                         10
  Alanine transaminase concentration (U/L), median (range)   21 (8-73)

Figure [2](#F2){ref-type="fig"} shows the median liver/spleen ratios in these patients before and after administration of S-1. This ratio was significantly higher before than after administration of S-1 (1.27 *vs* 1.09, *P* = 0.012).

![Median liver/spleen ratios in pancreatic cancer patients before and after treatment with S-1. The ratio decreased significantly, from 1.27 before treatment to 1.09 after S-1 treatment (*P* = 0.012).](WJGO-9-314-g002){#F2}

Of the 22 patients, five (23%) had hepatic steatosis and 17 (77%) did not. The pretreatment demographic and clinical characteristics of these two groups showed no significant differences (Table [2](#T2){ref-type="table"}).

###### 

Demographic and clinical characteristics of pancreatic cancer patients

                                                             **Without hepatic steatosis (*n* = 11)**   **With hepatic steatosis (*n* = 5)**   ***P* value**
  ---------------------------------------------------------- ------------------------------------------ -------------------------------------- ---------------
  Age (yr), median (range)                                   70 (57-85)                                 67 (48-78)                             0.39
  Sex                                                                                                                                          
  Male                                                       7                                          2                                      1
  Female                                                     10                                         3                                      
  Body mass index (kg/m^2^), median (range)                  21.5 (17.9-26.9)                           22.6 (19.0-25.3)                       0.75
  ECOG PS                                                                                                                                      
  0                                                          11                                         4                                      1
  1                                                          4                                          1                                      
  2                                                          2                                          0                                      
  Drinking habit                                                                                                                               
  Yes                                                        5                                          1                                      1
  No                                                         12                                         4                                      
  Diabetes mellitus                                                                                                                            
  Yes                                                        5                                          1                                      1
  No                                                         12                                         4                                      
  Disease status                                                                                                                               
  Locally advanced                                           10                                         4                                      0.61
  Metastatic                                                 7                                          1                                      
  Liver metastasis                                                                                                                             
  Yes                                                        5                                          0                                      0.29
  No                                                         12                                         5                                      
  Biliary drainage                                                                                                                             
  Yes                                                        4                                          3                                      0.27
  No                                                         13                                         2                                      
  Combination with radiotherapy                                                                                                                
  Yes                                                        9                                          3                                      1
  No                                                         8                                          2                                      
  Alanine transaminase concentration (U/L), median (range)   24 (8-57)                                  20.5 (11-73)                           0.97

Figure [3](#F3){ref-type="fig"} shows the relationship between liver/spleen ratio and alanine transaminase activity in these patients. A statistically significant inverse correlation was observed (*r* = -0.417, *P* \< 0.027).

![Correlation between liver/spleen ratio and alanine transaminase activity in pancreatic cancer patients treated with S-1. A significant inverse correlation was observed between these parameters (*r* = -0.417, *P* \< 0.027).](WJGO-9-314-g003){#F3}

DISCUSSION
==========

This study showed that S-1 chemotherapy induced hepatic steatosis in some patients with pancreatic cancer within three months. This study also found that the correlation between the development of hepatic steatosis and liver function was weak in these patients.

Recognition of steatosis in patients receiving chemotherapy is important. The liver is of higher attenuation than the hepatic metastases, but it is difficult to delineate making assessment of size of the hepatic metastases as the liver becomes steatosis\[[@B10]\]. Obesity, insulin resistance, and the metabolic syndrome have been found to induce nonalcoholic fatty liver disease, a fairly common entity. In contrast, drug induced steatosis is a rare form of liver injury. Agents found to induce steatosis include amiodarone, tamoxifen, irinotecan, and valproic acid\[[@B8],[@B9]\]. Drug induced steatosis is largely due to mitochondrial damage. In addition, mitochondrial damage can be induced by the inhibition of fatty acid beta oxidation, oxidative phosphorylation, and mitochondrial respiration\[[@B14]\].

In this study, 23% of patients with pancreatic cancer developed hepatic steatosis within three months of starting the oral chemotherapeutic agent S-1. S-1 is a combination of tegafur, a prodrug of 5-FU; 5-chloro-2,4-dihydroxypyridine, an inhibitor of dihydropyrimidine dehydrogenase, the enzyme responsible for generating 5-FU from tegafur; and potassium oxonate\[[@B1]\]. 5-FU has been linked to the development of steatosis\[[@B8]\]. For example, one study reported that 47% of patients receiving 5-FU-based therapy for advanced colorectal cancers developed steatosis during treatment\[[@B10]\], and a second study found that 30% of patients treated with interferon-alfa 2a and 5-FU developed steatosis\[[@B11]\]. To date, however, hepatic steatosis had not been found to be induced by 5-FU alone.

Although a statistically significant inverse correlation was observed between the development of hepatic steatosis and the loss of liver function, this correlation was weak (*r* = -0.417, *P* \< 0.027). A previous study reported no correlation between liver function test results and the degree of steatosis in patients receiving 5-FU-based therapy\[[@B10]\]. Our findings are not strong enough to conclude that liver damage and the degree of steatosis are related.

In general, S-1 is safe for the liver, with few reports of S-1 induced fatal liver dysfunction. Indeed, the GEST trial, which compared S-1 and gemcitabine treatment in patients with mild to moderate pancreatic cancer, reported that the percentages of patients with grade ≥ 3 elevated AST and ALT levels were significantly lower in the S-1 than in the gemcitabine group\[[@B3]\]. Steatosis and liver damage may be underdiagnosed because the laboratory abnormalities are slight. Further investigations are needed to assess the relationship between liver damage and the degree of steatosis in patients receiving S-1.

This study had at least four limitations. First, it was performed at a single institution. Second, this study had a retrospective design. Prospective studies are needed to show the rate of S-1 induced hepatic steatosis in patients with pancreatic and other cancers. Third, none of our patients was histologically evaluated by liver biopsy because all had mild liver damage. CT, however, is reliable in diagnosing hepatic steatosis, with significantly superior diagnostic sensitivity and accuracy than other modalities in diagnosing hepatic steatosis. Fourth, this study was limited to patients with unresectable pancreatic cancer. We experienced the S-1 induced steatohepatitis to patients with gastric cancer in adjuvant therapy. However, Even gastrectomy alone has been found to induce hepatic steatosis\[[@B15]\]. Further study is needed to assess the effects of S-1 on steatosis in other types of cancer.

In conclusion, this study found that 23% of patients with pancreatic cancer who were treated with first-line S-1 chemotherapy developed hepatic steatosis. Because adjuvant S-1 chemotherapy has become a standard treatment in patients resected for pancreatic cancer, clinical use of S-1 and the risk of S-1-induced steatosis are expected to increase. The liver function of patients treated with S-1 should therefore be closely monitored during follow-up.

COMMENTS
========

Background
----------

S-1 is an oral chemotherapeutic agent, consisting of tegafur, a prodrug of 5-fluorouracil, 5-chloro-2,4-dihydroxypyridine, and potassium oxonate. Recent randomized controlled trials in Japan have shown the clinical utility of S-1 treatment in patients with pancreatic cancer. Liver dysfunction, primarily steatohepatitis, has been observed in some S-1-treated patients, but it is not clear whether S-1 induced steatohepatitis.

Research frontiers
------------------

It is not clear whether S-1 was responsible for drug induced steatohepatitis.

Innovations and breakthroughs
-----------------------------

The literature suggests 5-FU has been linked to the development of steatosis, but the ability of 5-FU alone to induce hepatic steatosis has not been evaluated systematically. The current study adds that S-1 chemotherapy induced hepatic steatosis in some patients.

Applications
------------

This study serves as additional evidence supporting the closely investigation of liver function in patients treated with S-1.

Terminology
-----------

S-1 is a combination of tegafur, a prodrug of 5-FU; 5-chloro-2,4-dihydroxypyridine, an inhibitor of dihydropyrimidine dehydrogenase, the enzyme responsible for generating 5-FU from tegafur; and potassium oxonate.
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